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Question 1.            (20 marks) 
Acrylonitrile (𝐶3𝐻3𝑁) is produced in the reaction of propylene (𝐶3𝐻6), ammonia (𝑁𝐻3) and oxygen:  
𝐶3𝐻6(𝑔) + 𝑁𝐻3(𝑔) +
2
3
𝑂2(𝑔) → 𝐶3𝐻3𝑁(𝑔) + 3𝐻2𝑂(𝑔) 
The feed contains 10 mole% propylene, 12 mole% ammonia and 78 mole% of air and the product stream is a 
gaseous mixture. Determine:  
a) which reactant is limiting, and        (10 marks) 
b) the molar composition of the product stream for a 30% conversion of the limiting reactant. 
           (10 marks) 
Note: air is a mixture of oxygen and nitrogen containing 21 mole% oxygen and 79 mole% nitrogen. 
 
 
Question 2.            (20 marks) 
Gasoline (𝜌 = 50 
𝑙𝑏𝑚




how long it will take to siphon 5.0 𝑔𝑎𝑙, neglecting the change in liquid level in the gasoline tank during this 
process and assuming that both the tank and the receiving vessel are vented to the atmosphere. 
 Figure 1 
 
Question 3.            (8 marks) 
Gas in a tank contains a poison at a concentration 𝑐𝑇, but the gas is leaking into the surrounding room at a rate of 
𝑇 𝑐𝑚
3
𝑚𝑖𝑛⁄ . Meanwhile, an air conditioner brings fresh air into the room at a rate of 𝐴 
𝑐𝑚3
𝑚𝑖𝑛⁄ . The air in the 
room is well mixed and leaves through an open window (with the same concentration as in the room). The 
densities of all the gases are the same. Initially, the concentration of poison in the room (𝑐𝑅) will rise, but it 
eventually will reach a steady value. In terms of the given symbols, what is that steady concentration? 
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Question 4.            (15 marks) 
A double-pipe counter-flow heat exchanger is used to cool ethylene glycol (𝐶𝑃 = 2560 
𝐽
𝑘𝑔 ℃⁄ ) flowing at a 
rate of 3.5 
𝑘𝑔
𝑠⁄  from 80 ℃ to 40 ℃. Cooling water (𝐶𝑃 = 4180 
𝐽
𝑘𝑔 ℃⁄ ) enters at  20 ℃ and leaves at 55 ℃. 
The overall heat transfer coefficient based on the inner surface area of the tube is 𝑈 = 250 𝑊 𝑚2℃⁄ . 
Calculate: 
a) the duty heat (rate of heat transfer) of the heat exchanger,    (5 marks) 
b) the mass flow rate of water, and        (5 marks) 
c) the heat transfer surface area on the inner side of the tube.    (5 marks) 
 
Question 5.            (12 marks) 
A liquid solution of species A with a concentration of 0.8 
𝑚𝑜𝑙
𝐿




it is consumed by an irreversible reaction 𝐴 → 𝑃. The reaction rate is given by 𝑟𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛,𝐴 = 𝑘𝑟𝑐𝐴, where 𝑘𝑟 is 
equal to 0.02 𝑠−1 and the volume of the reactor is 8000 L. 
a) What is the order of the reaction?       (2 marks) 
b) What is the concentration of component A in the exit stream?   (10 marks) 
 
Question 6.            (25 marks) 
The production of calcium hydroxide (𝐶𝑎(𝑂𝐻)2(𝑠)) requires the reaction of calcium carbide (𝐶𝑎𝐶2(𝑠)) and water 
as shown by the chemical reaction: 
𝐶𝑎𝐶2(𝑠) + 2𝐻2𝑂(𝑙) → 𝐶𝑎(𝑂𝐻)2(𝑠) + 𝐶2𝐻2(𝑔) 
This reaction is an exothermic reaction and releases 125.4 𝑘𝐽 per mole of calcium hydroxide produced. The feed 
rate of 𝐶𝑎𝐶2(𝑠) is 10 000 kg/day and the purity is 98.2 %. The reactor is kept at a constant temperature by using 
cooling water in a jacket surrounding the reactor. 
a) Calculate the heat released from the reactor into the jacket in one day.   (10 marks) 
b) Calculate the mass flow rate in 
𝑘𝑔
ℎ
 of cooling water required if the cooling water enters the reactor as 
liquid at 11℃ and leaves as vapour at 100℃.      (10 marks) 
c) If the cooling water costs $1.91/kL, calculate the annual cost of cooling water.  (5 marks) 
Note: Use the steam tables provided. 
